Abstract Introduction: Angiogenesis is known to play a pivotal role in most of malignancy, including HCC, and in chronic inflammation. Aim: To investigate the angiogenic output in HCV and HBV infection and its implication in the development of HCV associated HCC. Materials and methods: Blood samples were collected and grouped as; HS healthy subjects control group; HCC-HCV; chronic HCV infected patient group (HCV+ve) who are positive for serum anti-HCV antibodies and HCV-RNA; anti-HCV antibody positive and HCV-RNA negative patient group (HCVÀve); patients with positive HBsAg and HBV-DNA group (HBV+ve); and HBsAg positive and HBV-DNA negative patient group (HBVÀve). Serum levels of vascular endothelial growth factor, angiopoietin-2, endostatin and angiostatin were assessed in different studied groups.
Results: The level of sVEGF was insignificantly elevated in both HCV+ve and HCVÀve groups when compared with controls, while Ang-2, sES and sAS were significantly elevated in both groups as compared with healthy controls. The studied parameters were significantly elevated in HBV-+ve patients when compared with the control. However, HBVÀve patients showed significantly elevated levels in sAng-2, sES and sAS when compared with the control while the level of sVEGF was equal to that of controls. In patients with HCC, the studied parameters showed a significant elevation when compared with healthy controls and patients either with HBV or HCV infection except for sAS in the case of HCV-+ve patients and VEGF for HBV-+ve patients who were also higher but not significant.
Conclusion:
The increased hepatic angiogenesis in chronic HCV and HBV could provide the molecular basis for liver carcinogenesis and contribute to the increased risk of HCC in patients with cirrhosis due to HCV and/or HBV.
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Introduction
Hepatocellular carcinoma (HCC) comprises nearly 6% of all incident cancer cases worldwide, with the overwhelming majority occurring in the developing world. 1 With more than half a million new cases each year, HCC is the fifth most common tumor worldwide and the third cause of cancer-related deaths. 2 Chronic infection with HBV and HCV has been cited as by far the most important etiologic agent. 3 Annual incidence of HCC in patients with cirrhosis due to HBV infection exceeds 2%, and in those with cirrhosis due to HCV infection, it is estimated between 3% and 8%. Association of the two viruses or chronic exposure to alcohol substantially increases these figures. 4 In Egypt, the increasing importance of HCV infection in the etiology of HCC has been shown, now estimated to account for 40-50% of cases. 5 On the other hand, the prevalence of HBsAg in Egypt is of intermediate endimicity (2-8%). Nearly 2-3 million Egyptians are chronic carriers of HBV. 6 It appears that the cause of HBV-associated HCC is a combination of HBV-encoded oncogenic activities along with the synergistic effect of chronic inflammation. 7 Angiogenesis is known to play a pivotal role in almost every kind of malignancy favoring growth and metastasis of several types of cancer including HCC, 8 and in chronic inflammation, where, accumulation of the inflammatory infiltrate and the development of fibrosis increases resistance of the tissue to blood flow and delivery of oxygen, resulting in hypoxia. 9 Tumor angiogenesis is a complex phenomenon and is regulated by a net balance between the proponents and the inhibitors of the process. 10 The difference in the pathogenesis between chronic HBV and HCV viral infection and their progression into HCC may be a consequence of the angiogenic processes. Accordingly, the aim was to investigate the angiogenic output in HCV and HBV infection and its implication in the progression into HCC. The objective is approached by assessing the serum levels of proangiogenic parameters; endothelial growth factor (VEGF), angiopoitein-2 (Angio-2) and anti-angiogenic parameters; endostatin (ES) and angiostatin (AS) as. The presence or absence of the active replicating virus was taken in consideration. Originally, the study was designed to enroll HCC cases associated with HBV, and HCC cases with no previous history of HBV or HCV infection (spontaneous HCC) but unfortunately those cases were hard to find. However, HCC patients enrolled in the present study have no previous history of other malignant diseases. Eighty percent of those patients were at stage II/III. Also, careful subsequent exclusion of any patient with a possible alternative cause of chronic liver disease was considered.
Materials and methods

This
Venous blood samples were collected and sera separated and stored at À20°C until used. Serum samples were tested for anti-HCV Ab and HBsAg according to the manufacturer's instructions (EIA; Abbott GmbH, Delkenheim, Germany). Quantitative detection of HCV-RNA and HBV-DNA was carried out by real time PCR. 11 Serum level of VEGF was determined using Bender Medsystems GMBH ELISA Kits, Vienna, Austria, Europe. Serum levels of Agiopoietin-2 (Angio-2), endostatin (ES) and angiostatin (AS) were determined using RayBioÒ Human ELISA kits Raybiotech, Inc.
Statistical analysis
SPSS 11.5 statistical package (SPSS Inc., Chicago, IL, USA) was used for data analysis. Mann Whitney U test was used after examining the significance of Kruskal-Wallis H test (p < 0.05).
The p values of less than 0.008 were considered statistically significant according to Bonferroni adjustment. Correlations were explored using Spearman correlation coefficient (p < 0.05).
Results
HCV patients
The mean values of VEGF in HCV+ve and HCVÀve were insignificantly different from that in healthy control subjects p = 0.114 and 0.461, respectively (Table 1) . Meanwhile, the mean levels of sAng-2, sES and sAS were significantly elevated in HCV+ve and HCVÀve patients when compared to that in the healthy control subjects p = 0.0001 (Tables 1 and 2 ).
The mean values of sVEGF, sAng-2 and sAS in HCV+ve patients were insignificantly different from that in HCVÀve patients p = 0.583, 0.102 and 0.060, respectively (Tables 1  and 2 ), while, the mean level of sES in HCV+ve patients was significantly lower from that in HCVÀve patients p = 0.0001 (Tables 1 and 2 ).
HBV patients
The mean levels of sVEGF, sAng-2, sES and sAS in HBV+ve patients were significantly higher than the healthy control subjects (p = 0.001 and 0.0001) ( Tables 1 and 2 ). In HBVÀve patients, the mean levels of sVEGF showed to be insignificantly different from that in healthy control subjects p = 0.968 (Table 1) , while the mean levels of sAng-2, sES and sAS showed a significant elevation p = 0.0001 (Tables 1  and 2 ). It should be noted that the mean levels of all angiogenic markers in HBV+ve patients were significantly higher than those in HBVÀve patients p = 0.0001 and 0.004, except for sAS which was high but not significant p = 0.242.
While the mean levels of sVEGF and sES in HBV+ve were significantly higher than those in HCV+ve p = 0.0001 (Tables   1 and 2 ), however, Ang-2 and As showed insignificant difference p = 0.127 and 0.023, respectively (Tables 1 and 2) . Meanwhile, the mean levels of sVEGF and sES in HBVÀve patients were insignificant different from those in HCVÀve patients p = 0.718 and 0.013, respectively (Tables 1 and 2) . While the mean level of sAng-2 and sAS in HCVÀve patients was significantly lower than that in HBVÀve patients, p = 0.003 and 0.0001, respectively (Tables 1 and 2 ).
HCC patients
A highly significant increase in the mean levels of pro-and anti-angiogenic factors were noticed when compared to that in healthy subjects, p = 0.0001, (Tables 1 and 2 ) and to that in HCV+ve patients p = 0.0001, except sAS was high but not significant p = 0.277 (Table 2) . Moreover, serum levels of sVEGF, sAng-2, sES and sAS were significantly higher in HCC patients than that in HBV+ve patients p = 0.003 and 0.0001, except sVEGF was high but not significant p = 0.017 (Tables 1 and 2 ).
Bio-statistical correlation
Data of the present study showed that sVEGF is significantly correlated with sAng-1; r = 0.48, p = 0.0001, sES; r = 0.60, p = 0.0001, and sAS; r = 0.29, p = 0.0001, in a positive manner (Fig. 1a-c) . Also, sES was found to be significantly correlated positively with sAng-2; r = 0.62, p = 0.0001, and sAS; r = 0.41, p = 0.0001, in a positive manner (Fig. 2a and b) . Finally, the data showed a significant positive correlation between sAng-2 and sAS; r = 0.43, p = 0.0001 (Fig. 3) .
Discussion
The formation of fibrotic septa and capillarization of sinusoids due to deposition of fibrillar extracellular matrix (ECM) in the space of disease, result in an increase in resistance to blood flow and oxygen delivery. 12 These are premises for hypoxia and the transcription of hypoxia-sensitive proangiogenic genes. 13 Moreover, the mediators of inflammatory response in chronic liver diseases may stimulate other cells in the surrounding microenvironment to express other pro-angiogenic factors to sustain angiogenesis. 14 Vespasiani-Gentilucci et al., 2 demonstrated that in chronic HCV patients significant increased levels of Ang-2 and equivalent VEGF levels with respect to controls were seen. Also, they reported an association of the stage of fibrosis with sAng-2 levels. These were in agreement with results of the present study where HCV+ve and HCVÀve patients showed significantly increased levels of sAng-2 and equivalent VEGF levels with respect to controls. The insignificant elevated level of sVEGF could be attributed to significant elevation in levels of both endostatin and angiostatin, which have been reported to down-regulate the production of sVEGF. 15 This in turn, may reflect the role of Ang-2 in enhancement of angiogenesis that is associated with HCV infection.
A significant elevation in both sAS and sES levels in HCV+ve and HCVÀve patients was observed when compared to that in control. Notably, an insignificant difference was shown in sVEGF, sAng-2 and sAS levels in HCV+ve patients when compared to that in HCVÀve patients. Thus, the absence of significance in those angiogenic markers may be explained by the fact that just the attack of the HCV may initiate the process of angiogenesis. This can be supported by Hoare et al., 16 who reported that fibrosis was observed in liver biopsy of nonviremic HCV antibody-positive patients which was similar to the inflammatory infiltrate in viremic cases. They have suggested the observed immune response in the liver, supporting the view that HCV may persist in the liver in the majority of HCV RNA-negative cases.
On the other hand, HBV encoded proteins as HBx protein which stabilizes and facilitates the transactivation function of the hypoxia inducible factor-1a 17, 18 which regulates the expression of multiple genes involved in angiogenesis such as VEGF. VEGF could also account for the induction of Ang-2 observed in chronic hepatitis B, contributing to pathological angiogenesis and hepatocellular carcinoma progression. 19 These could be the molecular basis that may explain the significant elevation in sVEGF and sAng-2 levels in HBV+ve group. In HBV+ve infection, the significant elevation in endostatin and angiostatin levels could be an attempt to counteract the action of significantly elevated levels of pro-angiogenic factors. In HBVÀve patients, an insignificant elevation in the level of Table 2 Serum levels of anti-angiogenic factor, ES and AS (pg/ml), mean ± S.E., in the different studied groups. sVEGF and a significant elevation in sAng-2 were observed. Meanwhile, the levels of sES and sAS were significantly elevated in those patients. The initiation of angiogenic response in those carrier HBV patients could be attributed to the production of HBx protein very early after infection which mediates the establishment and maintenance of the chronic carrier state. 20 The virulent nature of HCV might explain the observation that sVEGF and sES levels in HBV+ve patients were significantly higher than those in HCV+ve patients while Ang-2 level was insignificantly raised. 21 Unlike previously stated, these observations indicate that angiogenesis is particularly linked to HBV infection, suggesting a possible contribution to HBV-related liver oncogenesis (Tables 1 and 2) . 22 It has been reported that the expression pattern of Ang-2 is strongly associated with the expression of VEGF in the process of tumor angiogenesis, and subsequently, in tumor progression. 23 In agreement with previous study, 24 significantly elevated levels of sVEGF and sAng-2 were expected in HCC patients. It was suggested that sAng-2 may allow vessels to be more responsive to sprouting signals provided by VEGF. 25 It was revealed that over expression of Ang-2 blocks Ang-1 mediated Tie receptor signaling and causes loss of the tight vascular structure, which results in the exposure of endothelial cells to VEGF. 26 These findings may suggest that an advantageous environment for angiogenesis may be created by the HCC itself, secreting not only VEGF but also Ang-2. Accordingly, angiostatic response is not tumor-specific, but is a consequence of angiogenic normal regulatory mechanisms that couple pro and anti-angiogenic signaling to the induction of an opposing response. This obligatory coupling of pro-and anti-angiogenic signaling is advantageous since excessive angiogenesis is associated with a variety of disease states 14 and uncontrolled angiogenesis would compromise normal tissue architecture in growth, morphogenesis, and wound healing. 27 It was reported that s-ES level was significantly higher in HCC patients and has a significantly inverse correlation with the angiogenic score of HCC. 20 Also, it was confirmed that the source of s-endostatin is the tumor. In our study, sES and sAS levels were significantly higher in the HCC group than all other included groups. However, it is still controversial that endostatin expression or its serum level has a significant role in predicting the prognosis of patients with HCC. 20, 25 Thus, in HCC, the elevated anti-angiogenic markers could be attributed to the fact that tumor hypoxia produced a homeostatic feedback up-regulation of VEGF since its expression is believed to be modulated by hypoxia. In addition, angiostatin is generated through the action of matrix metalloproteinases (MMP), that are activated by proangiogenic signaling cascades such as hypoxia inducible factor induction, to oppose the angiogenic response. 20 As a result, the release of anti-angiogenic factors may explain the control exerted by primary tumors over metastasis. 28 The sequence of pathological insult of the liver in viral infection usually starts with inflammation; cirrhosis till the end stage of HCC may necessitate more pro/anti-angiogenic output. This may explain the elevation levels of the studied parameters in the HCC group when compared with HCV+ve patients in particular and HBV+ve patients in general.
In conclusion, there is a difference in angiogenic/anti-angiogenic outputs between HBV and HCV infection and HCC development. The increased hepatic angiogenesis in chronic HCV and HBV could provide the molecular basis for liver carcinogenesis and contribute to the increased risk of HCC in patients with cirrhosis due to HCV and/or HBV. Furthermore, anti-angiogenic therapeutic agents should be targeted to counteract the action of proangiogenic factors rather than enhancement of antiangiogenic factors.
